Exploring tryptophan dynamics in acid-induced molten globule state of bovine alpha-lactalbumin: a wavelength-selective fluorescence approach.
The relevance of partially ordered states of proteins (such as the molten globule state) in cellular processes is beginning to be understood. Bovine alpha-lactalbumin (BLA) assumes the molten globule state at acidic pH. We monitored the organization and dynamics of the functionally important tryptophan residues of BLA in native and molten globule states utilizing the wavelength-selective fluorescence approach and fluorescence quenching. Quenching of BLA tryptophan fluorescence using quenchers of varying polarity (acrylamide and trichloroethanol) reveals varying degrees of accessibility of tryptophan residues, characteristic of native and molten globule states. We observed red edge excitation shift (REES) of 6 nm for the tryptophans in native BLA. Interestingly, we show here that BLA tryptophans exhibit REES (3 nm) in the molten globule state. These results constitute one of the early reports of REES in the molten globule state of proteins. Taken together, our results indicate that tryptophan residues in BLA in native as well as molten globule states experience motionally restricted environment and that the regions surrounding at least some of the BLA tryptophans offer considerable restriction to the reorientational motion of the water dipoles around the excited-state tryptophans. These results are supported by wavelength-dependent changes in fluorescence anisotropy and lifetime for BLA tryptophans. These results could provide vital insight into the role of tryptophans in the function of BLA in its molten globule state in particular, and other partially ordered proteins in general.